Introduction

36
Liquid crystal (LC) devices based on ferroelectric smectics display much faster 37 switching speeds (usually of the order of a few microseconds) compared to currently used 38 nematic LCs where the switching speed is slow and is of the order of a few milliseconds [1] . It 39 is therefore essential to explore ferroelectric smectics for the next generation of devices. In 40 most chiral ferroelectric smectic LCs, an emergence of the molecular tilt at the SmA* -SmC* 41 transition leads to a contraction of the smectic layer spacing under cooling (Fig. 1a) . This layer 42 contraction combined with the surface anchoring of constituent molecules leads to an 43 irreversible transformation from bookshelf to chevron structures. In the latter, the layer 44 structures fold themselves in opposite directions; these opposite folds create zigzag defects in 45 the texture of a LC cell, thus degrading the quality of devices and severely limiting their uses 46 for a successful commercialization of ferroelectric LC displays [2] [3] [4] . An immediate solution is 47 to avoid this problem altogether by developing new chiral LCs with a minimal layer-shrinkage 48 at the SmA*-SmC* transition temperature as well as within SmC* phase. 4 
49
The first experimental observation of smectic liquid crystals having the same layer 50 spacing in both SmC and SmA phases was made by Diele et al. in 1972 in Halle [5] . They also 51 found that the layer spacing d in these materials was actually much lower than the length of the 52 molecule L in its most extended configuration. Based on the layer-spacing results and on 53 having determined that SmA to SmC phase transition in these materials is of first-order, de 54 Vries proposed in 1977 that in these materials the tilt angle in the SmA phase is not zero as had 55 generally been assumed [6] . This unusual behaviour was originally explained by the diffuse 56 cone model (Fig. 1b) in which molecules in the SmA phase have a tilted orientation and these 57 tilt directions are disordered in azimuthal (φ) angle [7, 8] According to this model, SmA -SmC 58 phase transition is affected by ordering of φ to a specific tilt direction with a certain value. This 59 explains as to why the SmA -SmC transition is first order with zero layer contraction. These 2 Molecular structures of (a) 3(n), [19] and (b) TSiKN65/ W599 [15, 23] .
92
With these structures in mind, we have designed a series of compounds with phenylpyrimidine benzoate core (Fig. 3) 
200
X-ray diffraction (XRD) experiments were carried out using a Rigaku Screen Machine.
201
This unit has a microfocus sealed x-ray tube with a copper anode that generates x-rays at a 
267
During heating cycles, both compounds DR276 and DR277 display SmC* phase which (Fig. 4a) (Fig. 4b) . 14.4 V 0-pk µm -1 (f = 81.7 Hz) for DR276 (Fig. 5a -c) and 7 V 0-pk µm -1 (f = 44 Hz) for DR277
285
( Fig. 6a -c) . Frequencies of the applied signal are chosen to be low enough in order to allow 286 for a sufficient time for electro-optical switching to occur while at the same time it is large 287 enough to avoid the ionic conductivity to make a contribution to the switching current.
288
Amplitude of the voltage applied to a planar-aligned cell of DR276 is large enough to make 289 θ App increase slowly at first but eventually to saturate with the maximum applied electric field
290
( Fig. 5b, c) . However, for DR277 the applied electric field is not large enough to saturate θ App 291 completely (Fig. 6b, c ). Δn suddenly increases in the SmC* followed by a slow increase with a reduction in temperature 303 within the SmC* phase itself. This is because the azimuthal angles are ordered close to the 304 transition but the optical tilt starts increasing with a further reduction in temperature. The temperature dependence of Δn with applied electric field (14.4 V/μm) across a planar -aligned 306 cell shows behavior in the SmA* phase to be entirely different from its zero-field value (Fig.   307 5a). Magnitude of Δn in the entire temperature range of the SmA* phase (Fig. 5a, b shows a uniform dark blue color due to a finite value of Δn (Fig. 5d ). An application of the 319 external electric field, 5.5 V µm -1 across the planar-aligned cell shows a significant change in 320 the color of the texture as a result of the increase in the birefringence. This is shown in Fig. 5e . 
375
The temperature and the electric field dependences of θ App of DR277 are shown in Fig.   376 6a, c. On the application of 7 V µm -1 electric field in SmA* phase, θ App shows an increasing 377 trend with a reduction in temperature and the magnitude of θ App at (T AC + 0.2) °C is ~ 26.1°
378
( Fig. 6a) . At higher temperatures in SmA* phase, we find an expected linear increase in θ App 379 with applied field (Fig. 6c) and the electroclinic response becomes nonlinear closer to the T AC .
380
Here, the applied 7 V µm -1 electric field is not large enough to saturate θ App even at the lower 381 temperature range of SmA* phase. 7 V µm -1 is the maximum field that can be applied to the 382 sample without the samples deterioration.
383
The POM images of a planar -aligned cell of thickness 9 µm containing DR277 384 recorded at 65.5 °C (~11.5 °C below the isotropic to SmA* transition temperature and 1 °C 385 above T AC ), are shown in Fig. 6d . For texture observations, the cell is fixed in the hot stage by
SmA* SmA* 100 µm keeping the LC cell rubbing direction R d at an angle, α =~ 23° to the polarizer/analyzer. Like 387 DR276, the electric field treatment at higher temperatures of DR277 in SmA* phase closer to 388 the isotropic phase generates a uniform mono -domain alignment. This is reasonably 389 satisfactory for carrying out the electro-optical studies (Fig. 6) . Under crossed polarizers, the 390 SmA* phase shows a uniform pink birefringence color due to a finite value of Δn (Fig. 6d) and 391 application of an external field, 7 V µm -1 , produces an obvious change in the color of the POM 392 texture (Fig. 6e) , indicating an increase in the magnitude of Δn (Fig. 6a, b) .
393
In the conventional SmA* phase, LC molecules have strong orientational order even at 394 zero-electric field. Therefore, the magnitude of Δn in the absence of electric field is usually to T AC , and the electroclinic tilt (Fig. 5a , c and 6a, c) observed in SmA* phase is accompanied
405
by the variation in the magnitude of Δn (Fig. 5a, b The spontaneous polarization, P S , plots for DR276 and DR277 are shown in Fig. 7 . perpendicular to the smectic layer). However, the observed optical texture (Fig. 4g) is not 451 consistent with this interpretation, which means this phase remains in the tilted orientation. 
454
The temperature dependence of the layer spacing of DR277 is also shown in Fig. 8d .
455
Similar to DR276, a weakly first order phase transition from SmA* to SmC* is observed at for DR276.
460
The reduction factor R, a measure of de Vriesness of a smectic LC, is defined as:
where, δ (T) determines the layer contraction relative to the layer spacing d AC at the SmA* to 463 SmC* transition temperature T AC . This is based on the assumption that the rigid rod model to 464 the LCs is applicable to these materials [40] . θ opt is the optical tilt angle determined using POM
465
( Fig. 5a and 6a ). According to Eq. (1), the ideal de Vries smectic LC produces a defect-free 
480
( Fig. 5a ) and 35.1° (Fig. 6a) respectively. For DR277, the R value obtained is reasonably low
481
and hence we can safely conclude that DR277is one of the 'best de Vries smectic' LC.
482 Table 2 lists the properties of DR276 and DR277 compounds.
483 Table 2 Properties of DR276 and DR277 compounds. The objective of our current study is to explore new, "excellent 
